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Abstract 
Many efforts on identifying misconceptions among schools and undergraduate students have been done, but for postgraduates, in 
particular serviced teachers, are yet to be understood. Researches, thesis writing and publications require substantial level of 
statistical reasoning for postgraduates. The purpose of this study is to identify and analyze postgraduates’ misconceptions in 
descriptive statistics (central tendency and variability). The instrument was a set of questions design to test statistical reasoning in 
descriptive statistics. The test was administered to 122 postgraduates who are enrolling in a course on application of statistics in 
educational research which is a requirement for their master program in education. The misconceptions were analyzed based on 
the work of various researchers (Lee & Meletiou, 2003; Magina & Cazorla, 2008). This paper describes some similar 
misconceptions that were found by other researchers; however, some misconceptions on the concept of average were not seen 
among postgraduates. The overall results show that some postgraduates have poor statistical reasoning skills. This study suggests 
that statistical reasoning should be taught strategically so as to minimize misconceptions among postgraduate students as well as 
to empower their statistical reasoning ability. 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Researches on identifying misconceptions in statistics have been getting attentions from all around the world 
even since the early year of 1970s.  Many researches and efforts on identifying misconceptions among schools and 
undergraduate students have been done, but for postgraduates, in particular serviced teachers, are yet to be 
understood. Misconceptions basically derive from two factors which are human intuition and incorrect statements 
about statistics (Huck, 2009). There have been many researches on the misconceptions and difficulties in some 
concept or topics from descriptive statistics which include the measurement of central tendency (mean, median, 
mode), variability (range, variance, standard deviation), position (percentiles, z scores), frequency distributions and 
graphs (Garfield & Ahlgren, 1988). However, most of the misconceptions in descriptive statistics that were given 
attention and identified by previous researchers only focused on the measurement of central tendency and variability 
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such as average, histogram, variability (e.g., Mevarech, 1983; Garfield & Ahlgren, 1988; Batanero, Godini & 
Vallecillos, 1994; Lee & Meletiou, 2003; Magina & Cazorla, 2008; Huck, 2009).   
The interest on misconceptions in descriptive statistics among postgraduates in social sciences arises due to two 
reasons. Firstly, almost all postgraduates in social sciences will have to go through the process of doing researches, 
writing theses and publications that require them to have substantial level of statistical reasoning. Thus, it is very 
relevant to identify their misconceptions and to help them to be able to better explain the works or analyses which 
were obtained from the results. Secondly, descriptive statistics seem to be commonly used in researches as a basic of 
analyses and interpretation to represent the results and yet still many students are prone to make misconceptions 
about it.  Therefore, the purposes of this study are to identify and to 
descriptive statistics (central tendency and variability).   
In the next section (Section 2), we will provide the methodology of this study, which was conducted in one of the 
university in Malaysia, Universiti Teknologi Malaysia (UTM). After that, the results of the analyses from the test 
given and the misconceptions that have been identified will be discussed in Section 3. Finally, some suggestions and 
thoughts for future implication and research will be concluded in Section 4.  
2. Method 
onceptions in descriptive statistics (central tendency and 
variability), a pencil and paper test was administered to 122 postgraduates from UTM. The respondents are enrolling 
in a course on application of statistics in educational research which is a requirement for their master program in 
education. The test given consists of a set of five questions designed to test the misconception and statistical 
reasoning in descriptive statistics. The misconceptions were analyzed based on the work of various researchers (Lee 
& Meletiou, 2003; Magina & Cazorla, 2008). Most of the postgraduates were teachers serving in primary and 
secondary schools while others were full time students. Only a few postgraduates were international students. 
Five questions that were used in this study were based on the two questions (Questions 1 1nd 2) from the work of 
Magina & Cazorla (2008) and three questions (Questions 3, 4, and 5) from Lee & Meletiou (2003) respectively. 
Figure 1 below shows five questions of the test that were given to the postgraduates. These questions were selected 
to investigate the misconceptions on the topics such as average, histogram and variation. The reasons why we were 
interested in using these questions were because these questions did not only ask the postgraduates to give the 
answers but also required them to provide the reasons of their choice of answers. This enables us to find the pattern 
of their misconceptions and their statistical reasoning.   
 
Question 
 
1. Asma is doing research prices of snacks to buy the cheapest and save her allowance. She has written down prices from three 
different places and has found out that the mean price of the snacks is RM3.00. 
 
Mark T (True) or F (False) for the possible values that Asma has found: 
 
a) (     ) 1,1,1 
b) (     ) 1,3,5 
c) (     ) 3,3,3 
d) (     ) 1,3,6 
e) (     ) 9,9,9 
f) (     ) 1,2,6 
 
Describe the way you thought. 
 
2. The graph shows the monthly use of water in a family during six months. Some students have calculated the average use of water 
of that family during six months. Read the conclusions of each student: 
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 Syikin said that the average use has been 54m3. 
 Afifah said that the average use has been 12m3. 
 Mas said that the average use has been 9m3. 
 
Who is right? _________ 
Why? _________ 
 
3. When constructing a histogram for describing the distribution of salaries for individuals that are 40 or older and have not yet 
retired, 
 
Q1: Explain: 
(a) What goes on the vertical axis? 
(b) What goes on the horizontal axis? 
 
Q2: What would the shape of the salary distribution more likely be? Explain why. 
 
4. The following graph shows the distribution of the width of window frames manufactured at two different plants.  
 
Which of the following statements is correct? (Choose one). 
(a) Width distribution of frames manufactured at Plant A is skewed. 
(b) Width distribution of frames manufactured at Plant A has a similar variation to the width distribution of frames 
manufactured at Plant B. 
(c) Width distribution of frames manufactured at Plant A has a larger variation than that of the width distribution of frames 
manufactured at Plant B. 
(d) Width distribution of frames manufactured at Plant A has a smaller variation than that of the width distribution of frames 
manufactured at Plant B. 
 
Explain the reason for your choice: 
5. An insurance company is interested in the cholesterol levels of individuals in our community that are 40 years of age or older. 
A random sample of 100 individuals was chosen from this population and the following information was collected:  
Sample size = 100  
Median cholesterol level = 160 (mg) 
 
Average cholesterol level = 158 (mg) 
Standard deviation = 20 (mg) 
 
        Q1: Based on the information above, the shape of the distribution of cholesterol levels for individuals in the community of age 40 
or older is more likely to be ____________________. 
               Explain the reason: 
 
       Q2: An individual has a cholesterol level of 188 mg. Is this an unusually high cholesterol level? Why? 
 
 
Figure 1. Assessment tasks   
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3. Results 
The percentages of students who showed the correct perceptions of each of the questions are shown in Figure 2. 
As is shown in the figure, more than 50% of the students showed the correct reasoning skills on all of the questions 
except Questions 1, 2, 4, and 5-1. By analyzing the d that students encountered more 
difficulties in answering Questions 3-1, 3-2, and 5-2. Question 3 presented a higher degree of difficulty among 
students. In both Questions 3-1and 3-2, 11.5 percent of the students could not solve Question 3-1 and 18.9 percent 
of them could not solve Question 3-2 correctly. Results showed that some postgraduates could solve the questions 
correctly; however, poor statistical reasoning skills were their greatest difficulty. 
 
 
Figure 2. Percentages of students who answered each question showing correct perceptions 
 
The results of Question 1, pr
the properties of average. The first misconception to be identified was in considering the average as a multiple of 
average. This misconception appeared among 7.4 percent of the students. Another conception which also appeared 
in the group of students was in considering the average as the sum of the values of the variable. That conception 
occurred frequently among 4.9 percent of the students. Other conception was in understanding the fact that the 
average can only be resulted from constant values which are equal to it. For example, the individual marks only the 
option (3,3,3) as correct were 4.1 percent of the students. Two other misconceptions that appeared were the lack of 
variability and they tend to consider that one of the values of the variable has to coincide with the average; however, 
the percentage of students that had this misconception did not exceed 4.0 percent.  
 
Table 1. Misconceptions in relation to the average according to the individuals 
 
Misconceptions Percentage 
Multiples of 3 (3,3,3 and 9,9,9) 7.4 
The average as a sum (1,1,1) 4.9 
Mark only (3,3,3) 
The average as a constant (1,1,1and 3,3,3 and 9,9,9) 
One of the numbers has to be the value of the average (3,3,3; 1,3,6; and 1,3,5) 
4.1 
3.1 
3.1 
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In considering the five questions, the individuals performed better on the second question, in which 97.5 percent 
of the students solved it correctly. This means that it is essential to have the visual representation of a geometrical 
interpretation of the arithmetic average because the graph seems to have helped on the comprehension of the 
average (Magina et al., 2008).  
In solving Question 3.1, 67.2 percent of the students wrote that   
and 10.7 percent wrote  . In Question 3.2, students gave a variety of 
reasons to justify their conclusions on the shape of the distribution of salaries for individuals who are 40 years of age 
or older. 81.1 percent of the students could not solve it correctly. One major fallacy observed was found in Question 
3.2, the students confused the histograms with scatter plots. The reasons that the students provided when they were 
-to- -to- d that these students did not only confused histograms with 
scatter plots, but also, more seriously, had little understanding about distributions. The incorrect reasoning for 
concluding that the distribution is Skewed-to- right were: salary tends to increase as age increases; as we get older, 
fewer and fewer people are working; and fewer people will retire at age 40 and more will retire at an older age. On 
the other hand, as you get older, you make more money and a lot of employees over 40 years old are paid well were 
their reasons for concluding that the distribution is Skewed-to-left. 
Findings obtained shows that 22.2 percent of students solved this problem 
incorrectly. Distribution from Plant A is taller, larger variation and large values on Y axis for Plant A were the 
reasons why they answered distribution from Plant A has a larger variation than that from Plant B. 
Almost 22 percent of the students when solving Question 5-1, did not only think deterministically but were also 
confused between the two types of skewness. They concluded that the distribution must be skewed to the right 
because the mean is smaller than the median. In solving Question 5-2, students gave a variety of reasons to support 
their incorrect answers, several of them suggested their tendency to think deterministically. The incorrect reasoning 
was 188 falls outside of 1 standard deviation of the mean, This is because the mean is far away from the median, 
188 is rare, thus, it is very far away from the median, and 138 to 178 would be considered normal. By answering, 
188 is high, proved that the possessed a deterministic mindset. 
 
4. Conclusion 
 
In this s
ng. The data analysis reveals that, the average presented is an easy concept to 
understand. However, some students showed various misunderstanding such as the average as multiples of average, 
the average as a sum of values of the variable, and the average can only be resulted from constant values and are 
equal to it. 
there are four main types of student difficulties in constructing, 
interpreting and applying histograms in different real world contexts: (1) Perceiving histograms as displays of raw 
data with each bar standing for an individual observation rather than as presenting grouped sets of data, (2) Tending 
to interpret histograms as two-variable scatter plots or as time sequence plots, (3) Tending to look at the vertical 
axes and compare differences in the heights of the bars when comparing the variation of two histograms, and (4) 
Tending to think deterministically when interpreting a distribution in real world contexts. These results confirmed 
the findings of the study by Lee and Meletiou (2003); however, lack of statistical reasoning was a common 
difficulty among student. The results shows that the learning of descriptive statistics is still necessary and it will 
 reasoning among postgraduate students. This is necessary in order to 
develop a teaching methodology based on statistical reasoning, Thus, lead students to better understand the concepts 
of descriptive statistics, and to critically interpret and evaluate the statistical information and reasoning. 
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